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Abstract  
This paper described to study the influences of relative humidity on the electric potential and electric field around the 
suspension insulators string which used in the 115 kV transmission system associated with ANSI standard. The suspension 
insulators string was used by Provincial Electricity Authority (PEA) in Thailand. Thailand is located in the tropics near the equator. 
It is hot and humid all year covered unless the area is in the central region and up. Relative humidity is lower in winter and summer. 
The summer Relative humidity is the lowest ebb in years. In such an average relative humidity is 72-74 percent, and down to 62-
69 percent in the summer. The Finite Element Analysis (FEA) program was used to simulate the electric potential and electric 
fields. This simulation was compared the characteristic of suspension insulator due to different humidity between 75-80 %RH.  The 
Relative Humidity was based on mean of 5-year, average from 2010-2014  relative humidity by region since 2010-2014 .The 
combination of humidity of the fog, rain, or dew and pollutant conductivity  may cause insulator flashover. So, moisture thus 
influencing the behavior of the dielectric insulators has been investigated to reduce the impact of the system. This paper reports the 
simulation results on the investigation on the effects of humidity on potential and electric field of suspension insulator. 
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1.Introduction 
Nowadays, PEA had a problem of suspension insulator string in the transmission line due to pollution .It is 
one of the main problems that affect the insulator and the cause of flashover of insulators. The insulators string 
begins to fail when pollutants in the air and mixed with moisture, vapor, rain or dew around the insulator disc. 
Mixture of pollutants includes the moisture to become conductor that will facilitate the conditions of flashover. 
This is due to a decrease of the resistance on the surface of the insulator. Transmission line system will be 
affected by a flashover and damage the insulators in transmission line. 
Suspension insulator disc is assembly to the suspension insulator set of the transmission lines, it can be said 
that it is important to support power transmission conductors. Therefore, it is necessary to study the flashover 
effects on the suspension insulator set that is caused by contaminants in the air and also prevents a breakdown 
in transmission system. The electric potential and electric field around the insulators is important to the design 
of suspension insulator set. Also the knowledge of electric potential and electric field is important to study the 
effects that occur with insulators. In this paper, the insulators have been simulated with pollution levels at the 
surface of the insulator. The surface pollution levels can divided into three levels which consist of light, 
moderate, and heavy pollution level follow to IEC standard.  
2. Suspension Insulator 
Suspension insulator is an assembly of one or more shells. It can be divided into clevis & tongue type and ball & 
socket type. This structure connected in series by fitting into themselves in the form of a string. The top of the 
suspension insulator set is fixed to the cross arm and the bottom of suspension insulator set is attached by the 
conductor. The suspension insulator disc is ANSI class 52-3. The dimension of suspension insulator is used for the 
study as shown in Fig.2.  Technical data of suspension insulator is as summarized in Table 1. 
Table 1. Technical data of suspension insulator 
 
 
Fig.1.  The dimension of suspension insulator string 
 
Class ANSI 
Main Dimensions D 273 mm 
Main Dimensions H 146 mm 
Creepage distance 292 mm 
Power frequency puncture voltage 110 kV 
Frequency dry flashover voltage 80 kV 
Frequency wet flashover voltage 50 kV 
Critical impulse flashover pos 125 kV 
Critical impulse flashover Neg 130 kV 
Test voltage to ground 10 kV 
Maximum RIV at 1000HZ 50 kV 
Electromechanical Load 6750 kg 
Mechanical Impact Strength in-1b(N-m) 55 
Time Load Test Value1b 4500 kN 
Weight 4.6  kg 
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3. The Thermal Conductivity 
The relations of thermal conductivity and humid air can be written by the formula (1). 
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 (1) 
Where P  is pressure (Pa) 
RH is relative humidity 
  is interaction parameter 
sv  is subscripts saturated vapor 
0 is subscripts total 
k  is subscripts thermal conductivity (W/m K) 
a  is subscripts air 
m is subscripts mixture 
In Fig. 2 is shown the relationship between thermal conductivity, temperature and relative humidity of air. 
From the graph shows the relative humidity from 0% to 100%. The horizontal axis shows the air temperature 
and the vertical axis shows the thermal conductivity of air. The line graph presents the increase and decline of 
thermal conductivity, during the 0 – 100 C. 
 
Fig.2. The thermal conductivity of moist air 
4. Relative Humidity and Temperature 
Thailand is located in the tropics. The climate is generally hot all year round. However, temperatures will 
vary by location and season. Mean of yearly temperature by region: 2014 is 27.5 C. Mean of 5-year, average 
from 2010-2014 relative humidity and are reported in Table 2. 
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Table 2.Relative humidity (%) in different located of Thailand 
Region 
Relative humidity (%) 
Mean 
2010 2011 2012 2013 2014 
North 73 78 76 76 75 75.6 
Central 74 74 75 73 73 73.8 
East 78 77 79 78 77 77.8 
Northeast 74 75 75 73 74 74.2 
South 
East Coast 
80 81 80 81 80 80.4 
South  
West Coast 
80 81 82 80 79 80.4 
 
In this study, the humidity of air are described in units of relative humidity (%RH)  and divide to three case  and 
the humidity are identified from relative humidity between 70%RH and 80%RH which as shown in Table.3 
Table 3.Relative humidity (%) of air condition 
Case Study Relative humidity 
1 70%RH 
2 75%RH 
3 80%RH 
5. Mathematical Model  
Mathematical model of the flashover procedure on the surface of insulator disc with contaminants is shown in 
equation (2). When the partial arc are stretched across the dry zone and the resistance of the contamination layer in 
series. VC is the critical voltage, which is the voltage across the insulator disc when flashover is completed. The critical 
voltage can be determined by (2). 
    nn 1C m m SAV L π n D F K π A D σn 1
                (2) 
The symbol for the leakage distance and the maximum diameter of the insulator is L and Dm respectively. F is the 
form factor. A and n is the arc constants. The arc constants values are A=131.5 and n=0.374. The surface conductivity 
can be determined by (3). 
  6Sσ 369.05 C+0.42 10    (3) 
The symbol for equivalent salt deposit density (ESDD) is C in mg/cm2. K is the coefficient of the pollution layer 
resistance in condition of cap-and-pin insulators disc is determined from equation (4). 
n 1 L
1 In
2 π F n 2 π R F
K               
(4) 
Where R is the radius of the arc foot can be determined by (5). 
   12 n 1SR 0.469 π A Dm σ            (5) 
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In condition of stab-type insulators, K can be determined by (6). 
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(6) 
The symbol for the number of sheds is N. 
6. Potential and Electric Field Modelling 
Finite element method is one of several numerical methods for solving differential equations and it was used 
extensively in engineering analysis. For this study, the application of computer programs in solving problems, 
using the finite element used to study the electric potential and electric field of the insulator. 
The potential field and electric field around the insulator and the conductor is modeled using the Finite 
Element program. This program used to analyze and represent the potential field and electric field contours 
superimposed upon the drawing. The suspension insulator string and the cutting plane of the suspension insulator 
model as shown in Fig. 3. 
 
Fig.3. The suspension insulator string and the cutting plane of the suspension insulator model 
7. Simulation and Results 
In this paper presents a simulation model of insulators in two dimensions and three dimensions by using the FEM. 
The results are under a comparison relative humidity (%) of air condition and pollution. Disc insulators of the string 
structure in the 115 kV transmission line are used suspension insulators. In the present paper, the insulator model was 
verified for several surface pollution levels. The surface pollution levels can divided into three levels which consist 
of light, moderate, and heavy pollution level follow to IEC standard as presented in Table. 4. 
Table 4. Values of Equivalent Salt Deposit Density as per IEC 60815 
Pollution level ESDD (mg/cm2) 
Light 0.03-0.06 
Moderate 0.10-0.20 
Heavy 0.30-0.60 
Very Heavy >0.60 
The computations from the critical voltage of a suspension insulator in that case, based on the pollution insulator. 
The computation of critical voltage (VC) can divide into 3 levels consist of light, moderate and heavy level as shown 
in table 5.  
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Table 5.The critical voltage for insulator against ESDD 
ESDD (mg/cm2) Vc (kV) Pollution level 
0.01 37.65 Light 
0.10 23.348 Moderate 
0.30 19.24 Heavy 
Fig 4. Expresses the comparison of the voltage across each unit between normal and abnormal condition. An 
abnormal condition was based on surface pollution levels. The comparison of electric potential distribution 
across each unit was shown in Fig. 5 and Fig 6 expresses the comparison of the electric field surrounding a 
suspension insulator set at abnormal condition at 70 %RH. 
 
Fig.4. Comparison of electric potential distribution at 70 %RH 
  
2  
  
  
Fig.5. Electrical potential contour with pollution at 70 %RH.: (a) Normal; (b) Light  pollution; (c) Moderate pollution; (d) Heavy pollution 
(b) (a) 
(c) (d) 
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Fig.6. Electric field distribution with pollution at 70 %RH: (a) Normal; (b) Light  pollution; (c) Moderate pollution; (d) Heavy pollution 
 
Fig 7. Expresses the comparison of the voltage across each unit between normal and abnormal condition. An 
abnormal condition was based on surface pollution levels. The comparison of electric potential distribution 
across each unit was shown in Fig. 8 and Fig 9 expresses the comparison of the electric field surrounding a 
suspension insulator set at abnormal condition at 75 %RH.  
 
Fig.7. Comparison of electric potential distribution at 75 %RH. 
 
 
 
(a) (b) 
(c) (d) 
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Fig.8. Electrical potential contour with pollution at 75 %RH: (a) Normal; (b) Light  pollution; (c) Moderate pollution; (d) Heavy pollution 
 
  
  
  
 
Fig.9. Electric field distribution with pollution at 75 %RH: (a) Normal; (b) Light  pollution; (c) Moderate pollution; (d) Heavy pollution 
(a) (b) 
(b) (a) 
(c) (d) 
(c) (d) 
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Fig 10. Expresses the comparison of the voltage across each unit between normal and abnormal condition. 
An abnormal condition was based on surface pollution levels. The comparison of electric potential distribution 
across each unit was shown in Fig. 11 and Fig 12 expresses the comparison of the electric field surrounding a 
suspension insulator set at abnormal condition at 80 %RH.  
 
Fig.10. Comparison of electric potential distribution at 80 %RH. 
 
 
  
  
  
 
Fig.11. Electrical potential contour with pollution at 80 %RH: (a) Normal; (b) Light  pollution; (c) Moderate pollution; (d) Heavy pollution 
 
 
(b) (a) 
(c) (d) 
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Fig.12. Electric field distribution with pollution at 80 %RH: (a) Normal; (b) Light  pollution; (c) Moderate pollution; (d) Heavy pollution 
8. CONCLUSION 
The studied approach is applicable to a suspension insulator string. The potential and electric field along polluted 
suspension insulator string have been analyzed in this paper. This simulation analysis showed that the effect of the 
surface pollution levels and relative humidity on a suspension insulator which shown in the form of contour lines of 
electric field and electric potential that occurs surrounding  the insulator.  
The computations results have been shown that in the presence of relative humidity in the air. Found that increasing 
pollution of the surface of the insulator. It will make the electric field at the surface of the insulator is increased. 
Finally there will be a voltage drop across the insulator above the critical voltage, and will lead to an insulator 
flashover. However, the work needs to be focused on obtaining accurate technical data for the materials constituting 
the insulator in order to simulate and calculate the acceptable result. 
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